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Neuropsychological Functioning
and Posttraumatic Stress Disorder:
Implications for War-Zone Veterans
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ustere and stressful circumstances,
Ancluding exposure to horrific and
ife-threatening situations, typi-
cally characterize war zones. Both human
and animal studies have provided consid-
erable scientific evidence that exposure to

extreme stress of the type encountered in
war zones can lead to adverse neurobio-
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logical and psychological sequelae, includ-
ing pronounced psychiatric symptoms and
maladaptive behavioral changes. Unfor-
tunately, it is becoming increasingly ap-
parent that the consequences of war and
other psychological trauma can extend
well beyond classic psychiatric symptoms
to include other types of health-related
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and psychosocial problems. Neuropsycho-
logical functioning encompasses cognitive
(e.g., memory, attention, and reasoning),
perceptual-sensory-motor  (e.g., motor
speed), and emotional (e.g., mood) be-
haviors thought to reflect brain integrity.
In this paper, we discuss the neuropsy-
chological correlates of trauma exposure,
particularly among war zone veterans,
and the implications of these findings for
prevention, health care, and the research
agenda. Specifically, this paper reviews the
occupational and functional consequences
of trauma exposure and describes both the
arguments supporting and factors limiting
the implementation of neuropsychological
screening assessments as standard health
surveillance among military populations.

Epidemiology of trauma
exposure and PTSD

Psychological trauma is typically de-
fined as an experience that poses a serious
threat to the life or physical integrity of
the individual or someone close to him or
her. Trauma of this nature is often accom-
panied by an intense emotional reaction.
Examples include physical and sexual as-
sault, child abuse, fires and other natural
disasters, terrorist attacks, life-threatening
accidents, community violence, and mili-
tary combat. At least one out of two peo-
ple will be exposed over the course of their
lifetimes to a psychologically traumatic
event, and over half of those exposed to
psychological trauma will be exposed to
multiple traumatic events.! The rate of
exposure increases in populations at high
risk, such as military personnel deployed
to war zones.
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Exposure to psychological trauma re-
sults in a physiological and psychological
stress response thought to be immediately
adaptive during life-threatening situa-
tions. This response helps the organism
take appropriate action and therefore en-
hance the odds of survival. Posttraumatic
stress disorder (PTSD) can occur, however,
when acute stress responses occurring in
the immediate context of the life-threat-
ening situation endure after the threat is
removed and become chronic symptoms.
The symptoms of PTSD include re-expe-
riencing of the trauma (e.g., nightmares,
intrusive thoughts), avoidance of thoughts
and environmental stimuli reminiscent of
the trauma, emotional “numbing”, and
increased incidence of arousal (e.g., dif-
ficulties with sleep, exaggerated startle).
The lifetime prevalence of PTSD in the
adult U.S. population has been estimated
to be 6.8%, with the 12-month prevalence
rate estimated to be 3.6%."*PTSD occurs
much more frequently in populations in
which trauma exposure is more common
and severe, such as war-zone veterans. For
example, a recent re-analysis of the Na-
tional Vietnam Veterans Readjustment
Survey yielded a conservative estimate
that 18.7% of Vietnam veterans experi-
enced PTSD at some point in their lives,
and 9.1% met criteria for current PTSD
over ten years after their war-zone service.?
Although not derived from population-
based samples, recent screening estimates
of current PTSD among Iraq War veterans
have suggested that over 12% of veterans
of contemporary war zones experience
clinically significant posttraumatic stress
symptoms within the first 90 days of their
return®, with the prevalence of the disorder
increasing over time’.
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Neuropsychological
functioning and PTSD

Subjective complaints of cognitive im-
pairment among those affected by expo-
sure to severe stress are not uncommon,
as reflected by the integration of atten-
tion and memory abnormalities into the
PTSD diagnostic criteria. These symp-
toms include poor concentration, “hy-
pervigilance” (i.e., enhanced attention)
to threat, intrusion of distressing trauma-
related memories into conscious thoughts
and dreams, and psychogenic amnesia
(i.e., certain aspects of the traumatic event
cannot be readily recalled). These clini-
cal expressions of cognitive abnormalities
are echoed within two bodies of scientific
research involving humans. In one area
of research, studies have documented how
people experiencing PTSD preferentially
process trauma-relevant information as
compared to information not perceived to
be threatening. In the second research do-
main, observational studies have revealed
performance decrements on specific types
of emotionally neutral neuropsychologi-
cal tasks. Not reviewed in this paper, but
also of relevance, is a large body of analog
research conducted with animals that sug-
gests at least transient changes in learning
and memory following stress exposure.
We focus below on the evidence derived
from studies involving humans exposed to
traumatic events.

Information processing biases

Consistent with the clinical phenom-
enon of hypervigilance to potential envi-
ronmental threat, PTSD is associated with
biases in how threat-relevant information

is processed.® People with PTSD are more
likely to attend to, and to remember,
trauma-relevant information than other
types of information that is less personally
threatening.” * There also is preliminary
evidence that individuals with PTSD are
biased to interpret emotionally ambiguous
information as threatening under certain
conditions.’

The tendency in PTSD to attend to
threat-relevant information has been es-
pecially well documented using an experi-
mental paradigm known as the emotional
Stroop task. The emotional Stoop task in-
volves performing a perceptual task (i.e.,
naming the color of ink in which a word
is printed) when the semantic content of
words is potentially distracting because
of their emotional relevance. Individuals
with PTSD typically name the color of
ink in which trauma-related words are pre-
sented more slowly than they color-name
emotionally neutral or trauma-irrelevant
word.'® The slowed color-naming perfor-
mance of individuals with PTSD is inter-
preted as reﬂecting greater interference im-
parted by the threat value of these words.
The experimental finding of attentional
bias resembles very closely the distraction
that people with PTSD report when they
are confronted with elements in their im-
mediate environment or internal thoughts
that remind them of the trauma.

Although not as extensively studied,
there is also evidence of threat-relevant an-
terograde memory biases in PTSD. An-
terograde memory refers to the process of
learning and remembering new informa-
tion. When presented with words that vary
in their threat-relevance, trauma-exposed
individuals with PTSD show enhanced

recall of the trauma-related words whereas

Vol. 8, No. 2, Fall 2007 179



HeaLTH HIGHLIGHTS

those without PTSD do not. This finding
is especially true when memory is tested
with free recall tests (i.e., recall without
prompts)."" On memory tasks that require
recall of a person’s prior life events (i.e., au-
tobiographical memory tasks), individuals
with PTSD produce “overgeneral” memo-
ries in which they recall only broad catego-
ries of events, rather than specific detailed
accounts of life events. !’ 12

When placed within an evolutionary
context, information processing biases to
threat-relevant information are initially
adaptive. The cognitive capacity of any
individual is limited, leading to ongoing
prioritization of cognitive effort and re-
sources. What this means is that we can-
not attend to, or process with equal ef-
fort, all possible stimuli or events in our
environments. How we allocate cognitive
resources can therefore influence survival
when we are confronted with life threat.
In a potentially dangerous situation, it
could be argued that survival will be en-
hanced if the source of danger is held in
focus enough to take appropriate action.
Selective memory of information relevant
to previous threats can likewise help influ-
ence future behavior if the individual is
again confronted by the threat. Unfortu-
nately, initially adaptive cognitive respons-
es to threats may be perpetuated beyond
dangerous contexts and crossover to nor-
mal life. In the case of PTSD, this occurs
even when such thought processes are no
longer necessary and instead have become
maladaptive.
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Neuropsychological
Abnormalities on Emotionally

Neutral Tasks

Examination of neuropsychological ab-
normalities on emotionally neutral tasks
remains a developing area of research.
Learning, memory, attention, and intel-
lectual functioning have been among the
most commonly studied neurocognitive
domains in PTSD samples, with learning
and memory studies constituting the larg-
est proportion of these studies.”> Overall,
this growing body of research indicates
that PTSD is associated with mild defi-
cits on learning and memory tasks, espe-
cially during the initial acquisition phases
of learning, on tasks assessing specific
components of attention, and on intellec-
tual tasks assessing verbal abilities."* This
emerging field is not without controversy,
however, and some studies have not found
neuropsychological abnormalities specific
to PTSD.'"7

Nevertheless, the evidence for antero-
grade memory dysfunction in PTSD is
robust. A recent meta-analysis that ag-
gregated data from more than 1,400 par-
ticipants provided strong evidence that
PTSD, as compared to the absence of
PTSD comparators, is associated with less
proficient memory for emotionally neu-
tral material.'® Despite considerable vari-
ability between studies, both civilian and
military samples of adults with PTSD
showed a consistent decrement in memory
performance that was small ro moderate in
magnitude and concerned primarily with
verbal rather than visual memory. Exami-
nation of concurrent conditions revealed
that PTSD-related memory deficits could
not be attributed to head injury, a condi-
tion with particularly high relevance to
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Iraq War veterans due to their elevated risk
of exposure to road bombs and other blasts
resulting in concussive injuries.!**

There is also significant evidence of
attentional impairment associated with
PTSD. In particular, PTSD has been as-
sociated with performance deficits on tasks
that require working memory (i.e., the
ability to manipulate information mental-
ly) or the ability to maintain optimal levels
of vigilance consistently over a prolonged
interval (“sustained attention”).'*2! In con-
trast, other aspects of attention, such as the
ability to shift focus, appear impervious to
PTSD.* Interestingly, PTSD has been as-
sociated with cognitive disinhibition and
commission errors across both attention
and memory tasks, a pattern collectively
suggestive of a failure to screen out task-
irrelevant information.'” Such a cogpnitive
gating failure can be invoked to explain the
failure to inhibit unwanted and distressing
re-experiencing of the trauma, one of the
hallmark symptoms of PTSD. In other
words, people with PTSD are not always
able to ignore upsetting information re-
lated to their trauma experiences.

Although few studies have comprehen-
sively measured intellectual functioning
in PTSD, those that have suggest that in-
dividuals without PTSD as compared to
trauma-exposed individuals with PTSD
tend to perform better on IQ tests, espe-
cially on those assessing verbal skills.!” 2
2% The dissociation between verbal and
visuo-spatial performances on intellectual
tasks” mirrors the pattern of relative ver-
bal weaknesses on learning and memory
tasks, pointing to potential functional
brain asymmetries in the direction of the
left cerebral hemisphere being relatively
less activated than the right.

Neuropsychological
Functioning, Stress, and
the Iraq War

There is currently little published work
addressing the neuropsychological out-
comes of the Iraq War; however, we have
recently published the results of a large
scale study examining neuropsychologi-
cal outcomes of contemporary war-zone
%2 In this study, we used
prospective methodology to document
changes occurring from pre-deployment
to post-deployment among over 600 Irag-
deployed Army soldiers and a comparable
group of over 300 non-deployed Army sol-
diers. The results indicated that deploy-
ment to Iraq was associated with perfor-
mance disadvantages on objective tests of
learning, memory, and attention, and per-
formance advantages on a test of simple
reaction time. There is an elevated risk of
concussive brain injury associated with de-
ployment to Irag; however, examination of
the potential contributions of brain injury
to the neuropsychological findings revealed
that the findings could not be explained by
deployment-related brain injury. Although
PTSD symptoms could similarly not ex-
plain the deployment-related findings, the
results are consistent with the pattern that
might be expected to accompany a neu-
robiological stress response. The pattern
of results suggested to us that the neu-
ropsychological findings represented an
arousal-based stress response that precedes
PTSD symptoms but that may eventuate
in PTSD if perpetuated.

participation.
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Cognitive deficits and
PTSD: Functional
implications

In considering the clinical significance
of neuropsychological abnormalities asso-
ciated with war-zone stress and PTSD, the
potential impact of cognitive impairment
on daily functioning is the correlate of
PTSD that is perhaps of greatest relevance
to the individual and to society. Evidence
that PTSD leads to decreased occupational
functioning®, reduced quality of life*!, and
increased health risk?** is accumulating,
Although little work has been done to as-
sess the specific functional impact of cog-
nitive abnormalities in PTSD, cognitive
impairment has potential to negatively im-
pact work performance and other aspects
of quality of life.

Cognitive deficits, for example, have
been associated with negative employ-
ment outcomes following brain injury™®,
including high rates of unemployment*-,
frequent termination from jobs, and de-
creased work efficiency®. Schizophrenia
studies have similarly revealed that neu-
rocognitive functioning exerts a more po-
tent effect on work capacity than do the
more overt and often salient psychiatric
symptoms associated with the disorder®.
Even in healthy populations, cognitive im-
pairment negatively affects occupational
functioning via mechanisms such as re-
duced performance efficiency, compro-
mised decision-making, distractibility, and
increased error rares® -,

As a correlate of the potentially chronic
neurobiological abnormalities associated
with the stress response, neuropsychologi-
cal deficits may also reflect a prodrome
or surrogate for stress-related somatic ill-
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nesses. For example, allostatic load models
of disease hold that an organism adapts to
stress by directing energy to achieve bio-
logical stability. After going through re-
peated cycles of such adaptation, there can
be a physiological cost, including the fail-
ure to “shut off” certain neurobiological
responses that, when prolonged, can result
in decreased immunity, tissue injury, and
other adverse physiological effects such
as elevated blood pressure and hormonal
disruption®. If neuropsychological im-
pairment indeed reflects neurobiological
dysfunction associated with adaptation
failures, these neuropsychological deficits
may indicate the initial progression to a
much more extensive array of health prob-
lems than cognitive compromise alone.

Cognitive deficits and
PTSD: Policy implications

Healthcare, prevention, and
surveillance in military and

military veteran populations

The potential implications of neurop-
sychological compromise to the health and
functioning of war-zone veterans suggests
that neuropsychological screening assess-
ments could be an important addition to
standard health surveillance among mili-
tary populations. In addition to the rel-
evance of neuropsychological functioning
to stress-related conditions, neuropsycho-
logical functioning is also sensitive to other
potential deployment exposures such as
some classes of environmental hazards and
traumatic brain injury. An additional ad-
vantage of neuropsychological assessments
as a measure of brain integrity is that they
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can be conducted without physical dis-
comfort, invasive methods, or expensive
technology. Moreover, neuropsychological
functioning can be measured using stan-
dardized, performance-based instruments
that result in reliable and objective mea-
surement. The neuropsychological assess-
ment process is a therefore a safe, portable,
reliable, and cost-effective means of esti-
mating neural health.

There are currently several limiting fac-
tors to the widespread implementation of
standard neuropsychological surveillance
in military and military veteran popula-
tions. First, neuropsychological evalua-
tions can be time-consuming and may
therefore be limited in feasibility, especially
in times of increased demands on military
personnel. Screenings are a viable alterna-
tive; however, the field is at a point of de-
velopment in which significant work still
needs to be done to assess the diagnostic
efficiency of neuropsychological screening
evaluations against more comprehensive
“gold-standard” assessments in healthy,
military populations®. A second and re-
lated impediment is that databases provid-
ing population-based normative data on
neuropsychological screening batteries are
scarce, making it difficult to effectively and
appropriately interpret data derived from
screening batteries. Finally, the widespread
use of neuropsychological screenings im-
plies the existence of an infrastructure,
including sufficient healthcare providers
with neuropsychological expertise that
can handle referral of positive screens to
the subsequent levels of assessment and/or
intervention. The large potential gains in
prevention and healthcare that can be real-
ized through the implementation of neu-
ropsychological screening, combined with
the large numbers of currently deployed

service members, highlight the immediate
need to develop the appropriate normative
work and healthcare infrastructure to fa-
cilitate clinically meaningful neuropsycho-
logical surveillance.

Implications for PTSD
treatment research

There is a growing trend in treatment
outcome and clinical trials research to de-
fine outcomes more broadly than symp-
tom alleviation. Given the practical im-
plications of neuropsychological integrity
on day-to-day functioning, neuropsycho-
logical measures are a potentially valu-
able ancillary index of treatment success.
Measurement of neuropsychological func-
tioning as a treatment outcome may be
especially relevant among returning veter-
ans with polytrauma conditions, many of
which involve both PTSD and traumatic
brain injury. Similarly, inclusion of neu-
ropsychological and information process-
ing measures can inform mechanistic in-
tervention research with relevance to both
the neural substrates and cognitive mecha-
nisms underlying the clinical expression of
PTSD.

Neuropsychological assessment also has
the potential to be used to examine indi-
vidual differences as predictors of treat-
ment response, adherence, and comple-
Although treatments might show
generally positive efficacy across large
groups of people, not all individuals re-
spond to treatments similarly. Biological
variation (reflected in neuropsychological

tion.

measures) may interact, for example, with
psychopharmacological interventions in
determining outcomes. Similarly, certain
psychological interventions, particularly
those with strong cognitive components
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(e.g., cognitive processing and cognitive-
behavioral interventions), may be more
or less effective depending on the cogni-
tive strengths and weaknesses of the indi-
vidual. Certain types of cognitive deficits,
such as forgetfulness, could potentially af-
fect adherence to many different types of
treatment. Therefore, the effectiveness of
a number of interventions will potentially
be enhanced with memory aids, suggesting
the need for systematic research targeting
protocol modifications that will increase
adherence to, and completion of, promis-
ing interventions via improving memory.
To our knowledge, inclusion of cognitive
predictors of treatment response is a vastly
understudied area that has significant po-
tential to contribute to optimized service
delivery.

Conclusions

In summary, it has become increasingly
clear that war-zone participation and other
exposures to extreme stress can result in an
array of psychiatric symptoms and func-
tional impairments, including neuropsy-
chological abnormalities. PTSD-related
neuropsychological dysfunction highlights
the breadth of stress-related sequelae and
underscores the importance of looking be-
yond emotional distress in trauma-exposed
individuals. Because of the direct relevance
of neuropsychological functioning to oc-
cupational performance and other aspects
of daily living, neuropsychological assess-
ment is a potentially important healthcare
tool that can be used to assist in recovery
and treatment efforts. Specifically, neu-
ropsychological assessment can help guide
providers in their decisions about whether
to initate ancillary health care services
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such as cognitive and vocational rehabilita-
tion, or whether modification of standard
PTSD treatments is needed to accommo-
date any cognitive limitations. Finally, as
a cost-effective indicator of brain integrity
and cognitive resources, neuropsychologi-
cal assessment stands to inform neurobio-
logical and cognitive models of PTSD,
contributing knowledge regarding mecha-
nisms of treatment and which individuals
might best benefit from various available
treatment options.
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